By mediating depolarization-induced Ca influx high voltage-activated (HVA) Ca channels control a variety of cellular events.
Introduction
Ca entry through voltage-activated Ca (Ca ) channels contributes to many physiological processes in the nervous system, The subunit is a transmembrane protein complex that is encoded by a single gene. Since the identification of the first subunit (
), four genetically distinct subunits have been described ( ; ). Each one of these Ellis , 1988 et al. proteins is differentially expressed in various tissues, including skeletal muscle, heart and brain. At the protein level, all four subunits
show conserved glycosylation sites, cysteine residues and predicted hydrophobicity profiles ( ; Arikkath and Campbell, 2003 Klugbauer et ) . It has been shown that heterologous expression of each of these subunits induces an enhancement in the ionic current ., 2003 al unclear.
In the present report, we used site-directed mutagenesis and heterologous expression in HEK-293 cells to localize the putative site of proteolysis within , and examine the impact of the proteolytic processing of this auxiliary subunit on the functional activity of neuronal
recombinant Ca channels.
V

Materials and methods
Site-directed mutagenesis
Amino acids 941 and 946 were substituted by site directed mutagenesis of the corresponding cDNA to prevent proteolytic cleavage of the -1b subunit. To this end, we used the recombinant bicistronic expression plasmid PIRES/ ( ), which carried 40-mer synthetic oligonucleotides using the Quik-Change XL-mutagenesis kit (Stratagene, La Jolla, CA, USA). Initially, a single amino acid mutation changing a glutamic acid to a glutamine residue (E944Q) was created. Next, a quadruple mutation (P4) was done on the single cDNA mutant E944Q and lastly, a sextuple mutation (P6) was obtained on the P4 cDNA mutant by using suitable mutagenic primers ( ). cDNAs of all three mutant channel subunits were sequenced on an automated sequencer (ABIPrism310, Perkin-Elmer solution was then added to the dish and cells grown at 37 C for 24 h, when medium was changed. Cells were then harvested at 48 h.°S
DS-PAGE and Western blotting
Microsomes from transfected HEK-293 cells were prepared as previously described ( ; ). Samples Felix ., 1997 et al Gurnett ., 1997 et al were subjected to gel electrophoresis under denaturing conditions. All samples were heated at 95 C for 5 min, and 100 g of protein/slot°μ were loaded on 5 polyacrylamide gels. For Western blot analysis, proteins were transferred onto nitrocellulose membranes, and blots carried out using the SigmaPlot 8.0 software package (SPSS Inc., Chicago, IL, USA). The significance of observed differences was evaluated by nonpaired Student s test. <0.05 was considered to be significant. ' t P
Results
Before investigating the functional relevance of the proteolytic cleavage of the auxiliary subunit on neuronal recombinant Ca corroborated the presence of these residues at positions 944 and 945, respectively. Given that many deduced sites of proteolysis are of 6 amino acid residues length, and the cleavage site occurs after the fourth amino acid we speculated that the proteolytic site of the rat brain α -1b used in this study might be positioned between Arg-941 and Val-946 ( ).
To test whether this site is indeed post-translationally modified and whether such a modification entails any functional consequence, we produced one single and two multiple mutants of the rat brain -1b ( ; see Material and Methods for details). All cDNA the protein that had all six amino acids of the putative proteolitic site mutated (P6) also resulted in the presence of a high molecular mass species (~150 kDa) under non-reducing conditions which was expected. However upon reduction, the size of this high molecular weight band remained unchanged, indicating that the P6 protein is not susceptible to proteolysis ( ). In order to evaluate the functional role of the proteolytical processing of the subunit, the patch clamp technique was used to study and the E944Q, P4 and P6 mutants. As expected, the E944Q and P4 constructs were not different than wild-type -1 for effects on ). Likewise, we generated complete voltage-dependent inactivation curves for the recombinant Ca channels expressed. Table 1 inserm-00378016, version 1 -6 May 2009
decrease in channel open probability cannot be ruled out, our data suggest that the proteolytic cleavage site may be required for cell surface expression.
An interesting finding was that the average current amplitude in the presence of the P6 mutant was comparable to the magnitude of the currents in the absence of the -1 subunit ( ). However, the waveforms and the voltage dependence of the currents in the two 4A right panels Table 1 However, only the P6 mutant is inefficient in trafficking to the cell membrane or is less stable once it reaches the membrane. In keeping with this view, the functional properties of the channels were practically unaltered ( and ), and only major alterations were Figs. 3 4 observed in the maximal conductance which depends on the number of functional channels in the plasma membrane. Thus conceivably, alterations in the number of Ca channels at the membrane might be accounting for the effects of the P6 -1 mutant, which might be V α 2 δ particularly prone to structural alterations.
Discussion
In the present report we found that the proteolytic site of the rat brain Ca -1 subunit is localized between amino acid residues V α 2 δ
Arg-941 and Val-946. Likewise, we found also that a single amino acid substitution in the putative proteolytic site is not sufficient to prevent cleavage, and that replacement of the six residues (Arg-Leu-Leu-Glu-Ala-Val) is required to make the Ca -1 protein
insensitive to proteolysis. Furthermore, mutation of the entire hexapeptide prevents the whole-cell current stimulation (normally observed after co-expression of the -1 without affecting its kinetic properties, suggesting either changes in channel open probability or a
regulation on the number of functional channels at the plasma membrane.
One observation of particular interest in our studies is that hampering normal proteolysis has no biophysical consequences on the Ca V channels regulation by -1b. Interestingly, recent studies have shown that though an important fraction of the -2 subunit expressed
heterologously may not be proteolytically processed into -2 and -2, it might show full functionality and being expressed on the cell 
